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SUBJECT: Structural Anallgsis of Argonne National Laboratory 3-gap,
350 MHz, g4 = .36 Spoke Resonator Cavity

Introduction:

As we discussed, a finite element model of the Argonne National Laboratory 3-gap,
350 MHz, Bg=.36 spoke resonator cavity has been developed. This memo summarizes the
model predictions for peak stresses, deflections, and flange reaction forces under vacuum
loads at room temperature, and also for forces required to produce a specified tuning
deflection. The results shown in Table 2 summarize the model predictions for the various
load conditions and geometries considered. Material properties were taken as the ambient
temperature niobium properties listed in Table 3 of LA-UR # 99-5826.

Models:

Models of the 3-gap, 350 MHz, B4 =.36 spoke resonator have been constructed for
COSMOS/M and represent the cavity geometry as defined in Argonne drawing EB-24003-X,
dated February 28, 2000, which is reproduced in Figure 19. In addition to the geometry as
defined in the drawing, variations in geometry were also considered. They were:

a) The addition of an annular end wall stiffener.

b) Changing the geometry of the radial end wall stiffeners to wrap around the
outer diameter of the main body.

¢) Changing the radial end wall stiffener cross-section to a ‘T".
d) Changing the wall thickness from 3 mm to 4 mm.

Figure 1 shows the cavity geometry as defined by Argonne drawing EB-24003-X, while
Figure 2 shows the geometry with all of the additions mentioned above.

Material properties were taken as the ambient temperature niobium properties listed in
Table 3 of LA-UR # 99-5826 and are reproduced in Table 1.

Table 1: Room Temperature Properties of Niobium

Property Value Units
Density, p 0.31 Ib/in’
Modulus, E 1.42X10"  Ibfin®
Yield Strength, 5, 7000 Ib/in?
Poisson’s Ratio, v 0.38 none
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The models were meshed with three and four node shell elements resulting in
problems with between 35,000 and 42,000 degrees of freedom. Figure 3 shows the mesh
generated for the cavity as defined in Argonne drawing EB-24003-X. Figure 4 shows the
mesh generated when all of the additions mentioned above were included. Figure 5 shows
the mesh for a cavity with no endwall stiffeners. This model was used for result verification
by comparing its predictions against a separate 2-D axi-symmetric model. This test is
documented in Table 2, cases 31 and 32, and shows good agreement.

Model Verification:

Independent model verification was performed using two independently generated
models. The first was an axi-symmetric model representing the case where no radial or
annular endwall stiffeners are present. The results from this model were compared against
the full model with all stiffeners removed. Figure 5 shows the resulting mesh for the full
model with no stiffeners. Figures 14 and 15 show stress and displacement for the full model
under these conditions with vacuum loading, while Figure 16 shows the predictions from the
axi-symmetric model with vacuum loading. Results for both models are tabulated in Table 2,
cases 31 and 32, and show good agreement. The second independent model was of a
symmetric pie slice of the endwall with a radial endwall stiffener. Figures 17 and 18 show the
results from this model under vacuum loading, while Figures 8 and 9 show results from the
full model under similar conditions. Results for both models are summarized in Table 2,
cases 4 and 33, and show good agreement.

Load Cases:
Three load cases were considered for the models:

a) A single end flange fixed and a specified displacement of 0.0010 inches
at the other end flange. This load case was used to predict the forces
required to produce a fixed tuning deflection. In Table 2 this load case is
referred to as the “displaced end” case.

b) Both end flanges fixed and ambient pressure on all external surfaces.
This load case was used to predict stresses and deflections while the
cavity is under vacuum at ambient temperature and constrained in length.
In Table 2 this load case is referred to as the “vacuum loading” case.

c) A single end flange fixed and ambient pressure on all external surfaces.
This load case was used to predict stresses and deflections while the
cavity is being leak checked. In Table 2 this load case is referred to as
the “leak check” case.

Results and Discussion:

Results for each of the cases considered are tabulated in table 2. In addition, the
“comments” entry in the table will refer the reader to the specific figures, if any, that depict
the resuits for that case. Some results, for example case 1, Figure 6, show peak stresses at
a single node at the end of each radial stiffener. In an effort to determine if this single value
was an artifact of the model or a valid prediction the mesh was refined in this area and re-
run. Predictions with the refined mesh showed the high stress still at a single node at the
end of the stiffener, with the stress magnitude even higher. Aithough this would tend to
indicate an anomalous prediction at that node the results given in Table 2 include these
predictions.
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Because of the variety of conditions represented in Table 2 some general comments
are in order:

a) The leak check cases: None of the cases modeled indicate satisfactory
performance under the conditions defined above as the leak check case.
In all of these cases peak stresses are predicted to be in excess of the
yield stress of 7000 psi for ambient temperature niobium. Because of
these results it will be necessary to fix both end flanges when performing
leak checking. Performing leak checking with both end flanges fixed will
produce loads and deflections as given under the “vacuum loading”
cases.

b) The annular endwall stiffener: The addition of an annular endwall stiffener
does not have a significant impact on the stress levels in the structure.
The annular stiffener does however reduce the peak displacements in the
structure under load. As can be seen by reviewing cases 4 and 13 the
addition of the annular stiffener reduced peak displacements from
approximately 0.006 inches to 0.003 inches between the radial endwall
stiffeners.

c) Wrap around ends on radial stiffeners: The addition of the wrap around
ends on the radial stiffeners reduced the peak stresses in the structure.
By reviewing the results from cases 1 and 4 the peak stresses are
reduced from 5820 psi (84% of yield strength) to 4450 psi (64% of yield
strength) with the addition of this feature. This is a significant
improvement for the design margin of the structure.

d) T-section radial endwall stiffener: Changing the cross-section of the radial
endwall stiffeners to a T section reduced the peak displacements under
load. Small reductions in displacement can be seen by comparing cases
1 and 7 as well as cases 4 and 10.

e) Changing the wall thickness from 3 mm to 4 mm: Changing wall thickness
from 3 mm to 4 mm significantly reduced both peak stress and
displacements for all load cases considered. Reviewing cases 19 and 1
shows a reduction in stress from 5820 psi to 3420 psi with a reduction in
peak displacements from .0059 inches to .0031 inches resulting from an
increased wall thickness of 4 mm. Fabrication problems however make
this an unattractive alternative.

Recommendations:

a) Leak checking of these structures should be performed with both end
flanges fixed. Leak testing in this configuration generates the same loads,
stresses, and deflections as defined in the vacuum loading case, which
indicates satisfactory behavior.

b) Since the addition of the annular stiffener complicates the manufacture of
the cavity, this option is not recommended unless or until it is determined
that peak deflections of .006 inches between radial endwall stiffeners are
not acceptable.
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¢) The addition of the wrap around ends on the radial stiffeners should be
included in the design. The cost of the extra material and the penalty in
manufacturing complexity are probably small compared to the structural
benefits.

d) Changing the cross-section of the radial endwall stiffeners to a T section
is not recommended unless or until it is determined that peak deflections
of .006 inches between radial endwall stiffeners are not acceptable.

e) Changing the wall thickness to 4 mm is not recommended. Although the
stress and displacement levels show significant improvement at the 4 mm
wall thickness, the additional material expense and fabrication difficulties
are major. Stress and displacement levels can be improved with les
drastic measures. :

Summary:

A structural analysis of the Argonne National Laboratory 3-gap, 350 MHz, Bg=.36
spoke resonator cavity has been performed in order to estimate the forces required to
produce a specified tuning deflection and also to estimate stresses and deflections while
under vacuum loads at room temperature. The results of these cases are presented in Table
2 and include cases to consider variations in wall thickness and the presence or absence of
endwall stiffeners. The analysis indicates that the endwall stiffeners are necessary to limit
stresses to below the yield point under vacuum loading conditions at room temperature. The
analysis also indicates that the factor of safety for structural stress levels, cyiew/omax, Can be
improved by about 40% by changing the design of the radial endwall stiffeners to wrap
around the outer diameter of the main body.
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